Objective: The purpose of this study was to perform a needs assessment to determine whether short-term use of BackJoy SitSmart Relief and Spine Buddy LT1 H/C chair supports influences neck, upper back, and lower back pain. Methods: Forty-eight college students (age, 27.5 ± 6.3 years; height, 1.72 ± 0.08 m; body mass, 78.7 ± 19.8 kg; time seated that day, 4.3 ± 2.8 hours; means ± SD) were recruited for this study. The Nordic Musculoskeletal Questionnaire was used to measure pain for the neck, upper back, and lower back regions. Subjects were randomized to sit in a stationary office chair for a single 12-minute period under 1 of 4 conditions: office chair only (control group), BackJoy SitSmart Relief and chair, freezer-cooled Spine Buddy LT1 H/C and chair, or microwave-heated Spine Buddy LT1 H/ C and chair. Participants then completed a posttest Nordic Musculoskeletal Questionnaire. A between-within repeatedmeasures analysis of variance using the between-subject factor intervention (group) and within-subject factor time (baseline and posttest) was used to analyze study data. Results: The main effect of time across the whole sample was statistically significant for neck (P = .000), upper back (P = .032), and lower back (P = .000) pain; however, there was no statistically significant interaction effect between intervention and time. Thus, as long as participants sat down and rested, symptoms improved similarly across the different groups. Conclusions: In this preliminary study, short-term and single use of a support product for an office chair had no additive effect on reducing neck and back pain. (J Manipulative Physiol Ther 2017;40:41-49) 
INTRODUCTION
Neck pain and back pain are both associated with significant economic [1] [2] [3] [4] and quality-of-life costs. [5] [6] [7] Neck pain is estimated to affect 30% to 50% of adults annually, 8 and the lifetime prevalence rate of back pain is projected to be 39%. 9, 10 Both conditions are associated with significant medical costs, with back pain treatment accounting for the majority of the costs. 11, 12 Studies have suggested that back pain costs the United States 7 to 20 billion US dollars per year, with most of this expense for chronic back pain. 11, 12 When employees are not feeling well because of significant neck or back pain, increases in office absenteeism [12] [13] [14] [15] [16] and presenteeism [17] [18] [19] [20] rates can be seen. Office absenteeism is when an employee misses work because of illness or incapacity. 16 Office presenteeism is when an injured employee attends work, but exhibits reduced work productivity because of an injury. 18 Both of these conditions can negatively affect a company in terms of productivity and medical care expenditures. Measures to help workers cope more effectively with neck or back pain may be able to lessen these concerns.
Two chair support products marketed to reduce symptoms of neck and back pain are the BackJoy SitSmart Relief product and the Spine Buddy LT1 H/C pad. 21, 22 BackJoy product advertisements claim that it "Works for all types of conditions [to include] lower back, neck, tailbone, and upper back" pain, and that 87% of product users report less pain. 21 Computer-generated illustrations on their website and their accompanying text claim that their product improves posture through restoration of the lumbar lordotic curve while sitting, which diminishes spine-related pain. Their website does not provide any evidence that their product has ever been scientifically tested to substantiate that it alters the spinal curve while seated. Additionally, a search of the databases Index to Chiropractic Literature, PubMed, Alt Health Watch, and Cumulative Index to Nursing and Allied Health Literature (CINAHL), using the key words "BackJoy" and "SitSmart Relief" did not reveal any research specifically on their product. Despite this, there does exist evidence that seated lumbar kyphosis can lead to lower back pain. [23] [24] [25] [26] [27] [28] The Spine Buddy company is a newer company in the support pad market compared with the more established BackJoy company. 21, 22 Although the Spine Buddy company has engaged in research on some of their products, [29] [30] [31] a similar search on their website and online health care journal databases revealed that the Spine Buddy LT1 H/C has not been tested either. Their product is marketed to relieve neck and lower back pain of seated individuals, as is the BackJoy SitSmart Relief. The Spine Buddy LT1 H/C (H for hot and C for cold) chair support is unique in that it is made of a composite material that can be cooled or heated in an attempt to provide pain relief. Cooling [32] [33] [34] [35] [36] [37] and heating [38] [39] [40] of soft tissues is a wellestablished form of care to decrease pain through several different mechanisms. Cryotherapy can induce vasoconstriction to decrease swelling, 32 lower localized proinflammatory cytokines (histamine, kinins, and prostaglandins), 33 decrease sensory nerve conduction, 3 4 diminish spasms, 35, 36 and lower pain perception through the gate theory of pain control. 37 Thermotherapy, similarly, has been found to reduce spasms 38, 39 and to decrease pain perception through use of the gate theory of pain control. 40 The purpose of this study was to compare the relative efficacy of 2 chair support pads in reducing neck and back pain in seated individuals after a single session. Neither product has been adequately tested to validate the claims by their respective companies. Consumers should be aware if the products they are purchasing are not meeting their claims so that they may purchase alternative, more impactful products.
METHODS
This study was reviewed and approved by the Texas Chiropractic College institutional review board for human subjects in accordance with the Declaration of Helsinki. 
Study Design, Rationale, and Setting
This study focused on the immediate effect of 2 different ergonomic chair support products on self-reported neck and back pain (Figs 1 and 2 ).
Participant Recruitment
Study enrollment took place from February to April 2014 among college students. This specific population was chosen because students often sit for long periods 41 and thus represent a demographic pertinent to this research. Two faculty members announced the research project to students in their classes. Study applicants contacted the primary investigator for screening to determine whether they met the inclusion and exclusion criteria ( Table 1) .
All study applicants provided written informed consent prior to participating in this study. Table 2 lists the attributes of study participants. This study used a convenience sample of 58 study applicants and did not follow an a priori power analysis. Study applicants were randomized to the 4 study groups based on a pregenerated computer randomization list. Ten applicants assigned to the 2 Spine Buddy groups based on randomization were excluded from this study because of failure to meet the study inclusion criteria. All 10 of those applicants were outside of the 5 ft, 5 in to 5 ft, 10 in height range recommended by the manufacturer for the product. The manufacturers of the BackJoy SitSmart Relief do not provide a recommended height range, but do suggest that users of the adult-sized product should weigh ≥100 lb. All participants in that group were N100 lb. If study applicants met the inclusion criteria and fully participated in the study, they were referred to as study participants for discussion purposes.
Products' Attributes
Participants were blinded to the manufacturers' claims for each product being tested. They were told only that several different ergonomic chair support products would be compared. They were able to see the product as they sat down.
The BackJoy SitSmart Relief product (BackJoy, Boulder, CO, USA) is made of a rigid hard plastic core with a cushioned cover. The pad is approximately 420 mm long × 320 mm wide × 10 mm thick. For this study, researchers used the black adult-sized product.
The Spine Buddy LT1 H/C memory foam support pad (Spine Buddy, Humble, TX, USA) has a soft core with lateral enlargements at the lower back and neck regions to conform to the lordotic curves of the spine. The pad is approximately 540 mm long × 280 mm wide × 80 mm thick. The product has a Velcro strap that is used to affix it to chairs. Composite materials in the product allow the pad to be cooled or heated. For the cold pad analysis, researchers left the pad and cover in a portable Emerson CR500 freezer (Emerson Radio, Shandong, China) for 1 hour, as recommended by the manufacturer. For the heated pad analysis, the pad and cover were heated in a Hamilton Beach P100N30ALS3B 1000 W microwave (Galanz Electrical Appliances, Foshan City, China) for 30 seconds at high output, according to the manufacturer's recommendations.
Assessment
Participants completed a baseline Nordic Musculoskeletal Questionnaire (NMQ). [42] [43] [44] The NMQ requires respondents to rate their pain/discomfort on a 1-5 scale, with 1 representing extremely comfortable and 5 representing extremely uncomfortable. [42] [43] [44] The instrument assesses pain/discomfort for the following 12 regions: eye, neck, shoulder, upper back, elbow, lower back, arm, wrist/hand, thigh, knee, calf, and foot/ankle. Although data were collected on all 12 regions, the focus of the study was limited to the neck, upper back, and lower back. Researchers intentionally did not reduce the 12 questions to 3 questions in an attempt to make it less likely that participants would remember the exact numbers they completed. After completing the NMQ posttest, participants were asked to recall the number of hours they had already sat in a chair that day.
The chair used in this study was a black leather office executive chair (Office Star Products, Hong Kong, China) with armrests. Participants were not allowed to adjust the chair height. They were instructed not to move or swivel the chair. The chair height was set at 18 in from the inferior plastic shell of the underside of the seat to the floor. Duct tape on the floor was used to mark the exact location of each of the chair's wheels to keep its position in the room similar for all study participants. Research subjects were told they could read while they waited for the 12 minutes to be completed. They had to keep their feet on the floor. Participants were instructed to remove any thick sweaters, coats, or similar items, as these would block the impact of the cold or hot Spine Buddy pads. Similarly, they were told that they could not wear a sports bra, cutoff shirt, or similar attire that would place the skin of their back directly against the chair and/or product.
The participant sat in the chair for 12 minutes under 1 of the 4 following conditions: office chair only (control group), BackJoy SitSmart Relief and chair (experimental group 1), freezer-cooled Spine Buddy LT1 H/C and chair (experimental group 2), or microwave-heated Spine Buddy LT1 H/C and chair (experimental group 3). Twelve minutes was arbitrarily chosen because this is similar to the duration of some passive therapeutic modalities used in a chiropractic doctor's office. Afterward, participants completed another NMQ and wrote down how many hours they sat in a chair that day. Participants attended only 1 study session.
Environment
This experiment occurred in a research laboratory with the ambient room temperature set to 74°F. We intentionally avoided playing music in the laboratory background during the study. This was done to avoid the possibility that the calming effect of some forms of music could act as a covariate for perception of pain. 45 
Temperature Subanalysis Experiment
Because of the unique properties of the Spine Buddy LT1 H/C product, we designed an experiment to analyze the temperature of the pad at baseline, as well as how quickly the temperature changed in relation to more commonly used clinical modalities. The Spine Buddy LT1 H/C product was heated or cooled as previously described and placed on a thinly carpeted floor. A Mainstays Quick-response thermometer (Mainstays, Guangdong, China) placed underneath the pad recorded the temperature at baseline (time 0), 6 minutes, and 12 minutes. For comparison, the same experiment was performed using a cold pack and hydrocollator pack at our college clinic. Both packs were wrapped under 8 layers of toweling to replicate common patient procedures employed in a chiropractic clinic.
Statistical Analysis
The data were analyzed in SPSS Version 20.0 (IBM, Armonk, NY, USA). Results are reported as the mean ± SD unless otherwise specified. A one-way analysis of variance (ANOVA) was used to compare between-group differences at baseline for age and anthropometric data. The Levene test of homogeneity of variances was observed. The α level of P ≤ .05 was considered statistically significant for between-group baseline data.
A between-within repeated-measures ANOVA using the between-subject factor intervention (chair only, BackJoy SitSmart Relief, cooled Spine Buddy LT1 H/C, and heated Spine Buddy LT1 H/C) and within-subject factor time (baseline and posttest) was used to analyze study data. Mauchly's test of sphericity was not observed because there were only 2 levels of the within-group repeated measure (pretest vs posttest). 46 Levene's test of equality of error variances was observed. A Bonferroni post hoc test was conducted on statistically significant data among all ANOVAs to determine which condition was significant. 46 An α level of P ≤ .05 was considered statistically significant for all of these tests.
RESULTS
Forty-eight participants completed this study. Comparison of baseline values of demographic and anthropometric variables revealed that for the 4 study group, there were no significant differences with respect to age (P = .875), mass (P = .705), height (P = .371), body mass index (P = .541), or number of hours that participants spent sitting in a chair earlier in the day before the study began (P = .082).
All participants completed the baseline test and posttest (Fig 3) . Box's test of equality of covariance matrices was not significant for the neck pain (P = .120), upper back pain (P = .184), or lower back pain (P = .234) conditions. The main effect of "time" only across the whole sample was statistically significant for neck pain (F [1, 44] The temperature subanalysis experiment (Fig 4) revealed that the Spine Buddy LT1 H/C pad was significantly less cold than an ice pack and less warm than a hydrocollator pack. The temperature subanalysis indicated that the Spine Buddy could neither be cooled to the same degree as a standard ice pack nor be heated to the same degree as a typical hydrocollator pack. The cooled pad began heating up and the heated pad began losing heat by the 12-minute mark. The standard cold pack and hydrocollator pack both maintained their baseline temperature for longer periods, indicating that they could provide cryotherapy and thermal therapy, respectively, for longer periods than the Spine Buddy support pad.
After the study was completed, researchers performed a post hoc power analysis using G*Power Version 3.1.3 (Universität Kiel, Kiel, Germany) 47, 48 with data from the spine region with the smallest group × time η p 2 . This spine region was the lower back, with a group × time η p 2 of 0.090. An F-test family power analysis for the mixed ANOVA, with an effect size of 0.31 (as calculated with η p 2 ), using an α of .05, total sample size of 48, number of groups at 4, number of measurements at 2, correlation among repeated measures at 0.745 (derived from Pearson's correlation between pretest and posttest lower back data), and nonsphericity correction of 1, indicated a power of 0.999 to detect significant change if it existed. This study indicated that in the short term, addition of the BackJoy SitSmart Relief and Spine Buddy LT1 H/C products to an office chair resulted in no appreciable improvements in bodywide pain in college students, compared with resting only on a chair with no additional therapeutic pads.
DISCUSSION
Computer users and other individuals who sit at a desk for long periods are predisposed to develop neck pain, 49, 50 trapezius strain, 49, 50 back pain, 24,51-53 and other regional musculoskeletal injuries. Some common risk factors for the development of these injuries are female gender, long work hours, repetitive motions, and sustained awkward desk postures. [54] [55] [56] Various interventions have revealed a positive ability to reduce these types of desk-related injuries, including adjustable office chairs, 57,58 adjustable monitors, 58, 59 ergonomic training, 60-62 regular work breaks, 63 and lumbar supports. 64, 65 Ultimately, the interventions used in this study did not improve participant outcomes.
The closest studies that are similar to this project have involved lumbar supports. Roelofs et al. studied variables that predict adherence to lumbar support use. 64 They pointed out that if participants are not regularly using the supports, they will not benefit from them. The strongest predictor they found for use was positive attitude toward using a lumbar support, which explained 41% of the variance (B = 1.31, P b .001) in their model. Self-efficacy (B = 0.22, P = .026) and social support (B = 0.39, P = .083) both played a minor role in adherence. Grondin et al. measured the impact of a lumbar support on seated comfort and lumbar posture. 65 They found that the lumbar support resulted in participants moving in their chair less often, as a measure of center of pressure discomfort changes (P = .017). Additionally, lumbar flattening was decreased by using a lumbar support in their study (P = .006).
Makhsous et al. analyzed the impact of an adjustable ischial and lumbar support on occupational low back pain. 66 They found that the addition of a support significantly pushed seated center of force and peak pressure anteriorly (P b .001), and participants placed more pressure against the back of the seat (P b .01). As a result, less direct force was being exerted on the lower back in an axial direction. Because of this action, muscle activity in the lumbar spine decreased significantly. They theorized that this would help patients with sitting-related low back pain. A difference between our study and this study would be participant pain level. Makhsous et al. used participants with a greater amount of pain as measured by Oswestry Low Back Pain Disability Questionnaire and Roland-Morris Low Back Pain Disability Questionnaire.
The Spine Buddy LT1 H/C chair support is designed to be cooled or heated to help provide pain relief. One possible reason that the pain-relieving benefits of cryotherapy or thermotherapy were not visible with this product may have been its failure to reach adequate therapeutic temperatures. MacAuley suggests that cryotherapy must be cool enough to lower tissue temperature by 10°F to 15°F to produce optimal therapeutic effects. 67 Researchers discovered that although the pad was stored in a freezer for 1 hour before each participant was tested, it warmed to room temperature quickly when placed against a participant's back. That observation specifically drove researchers to add the temperature comparison subanalysis to this study. It appears that the Spine Buddy LT1 H/C chair support with its current build design cannot achieve temperatures that are cold 67 or hot 68 enough to yield therapeutic benefits, as can the typical cold pack or hydrocollator pack.
Future directions of research should include studies measuring (1) how different chair supports affect spine-related pain over extended use (hours to days), (2) how varying chair supports affect lumbar lordotic curve, and (3) variables that are determinants of lumbar support adherence. 
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Limitations
One limitation of this study may be that participants did not have elevated neck or back pain levels. The lack of significant baseline pain might have masked to some degree the capabilities of the products to reduce pain. A more ideal study would be to recruit participants with neck or back pain.
Another limitation was the use of an ergonomic office chair in this study. Researchers attempted to use a typical office chair, but depending on where someone worked, they may have a more rigid office chair. If a harder, less cushioned chair had been used, it may have made a difference for the Spine Buddy product compared with the BackJoy product because the latter product has minimal cushioning.
We cannot confirm or deny the claim that the BackJoy product increases lumbar lordotic curve in a seated position, as no such biomechanics study was performed.
This study was not supported by a grant from either company. However, the Spine Buddy company has funded small projects on their products at the researcher's college before. Because one company has funded projects on the researcher's campus and the other has not, the researchers cannot claim zero bias existed. However, the researchers made no attempt to verbally encourage participants to have a more positive outlook toward one product compared with the other. The findings of this study revealed that neither product resulted in a greater positive impact on pain.
Participants were not blinded in the study. They were able to see the pad they were going to lie against on the chair.
Lastly, the 12 minutes used in this study may have been an insufficient period to garner any appreciable benefit from a chair support pad compared with the control chair with no pad. Perhaps consumers would need to sit on a chair support pad for a few hours to significantly benefit from the product. An argument can also be made that time was an issue for the Spine Buddy product because typical treatment protocols for cold packs and hydrocollator packs are 20 minutes and 15 to 20 minutes, respectively. 37 However, as has already been discussed, the temperatures achieved by the Spine Buddy product were significantly less than those of an ice pack or hydrocollator pack, which likely nullifies this argument.
CONCLUSION
These preliminary results suggest that the addition of an extra support to an office chair may not necessarily reduce neck or back pain when used for brief periods. Additionally, although the Spine Buddy LT1 H/C can be cooled or heated, the existing temperature guidelines provided by the manufacturer do not reach physiologic levels associated with significant reductions in pain.
FUNDING SOURCES AND CONFLICTS OF INTEREST
This research project was not supported by a research grant; however, the investigators have received grants from the Spine Buddy Company for previous research experiments. No other conflicts were reported for this study. 
CONTRIBUTORSHIP INFORMATION
